Improving treatment outcomes for people with resonance problems (due to velopharyngeal disorders) is a priority for many speech-language pathologists (SLPs), but there exists a limited understanding of the practices SLPs are using to assess and monitor therapeutic effects in this population. The current study was designed to answer the following questions: (1) What are current clinical practices versus best practices for assessing resonance disorders, tracking therapeutic effects, and determining discharge criteria? (2) What assessment practices would SLPs prefer to use with clients who have resonance disorders? (3) What are barriers to SLPs' use of best practices? and (4) What effects do SLP demographics have on clinical practices? Thirty-eight SLPs, specializing in the treatment of resonance disorders, participated in the study. Responses were compared with best practice recommendations derived from the literature. Most clinicians were using low-tech assessment tools, often because they lacked access to high-tech tools. Demographics and training did not affect clinical assessment practices. There is a need to increase the availability of high-tech assessment tools to SLPs practicing in the area of resonance disorders, as consistent use of sophisticated assessment devices would exemplify contemporary thinking about the transfer of knowledge to practice in this area.
A broad term, resonance disorders, refers to any atypical balance in the vibration of sound in a person's pharynx, oral cavity, or nasal cavity and can be caused by a variety of factors, including velopharyngeal inadequacy, incompetence, or insufficiency. Resonance disorders are debilitating to those who suffer from them, as people with these disorders are often viewed as less intelligent than others and are socially, emotionally, and professionally marginalized. [1] [2] [3] [4] Improving treatment outcomes for this population is a priority for many speech-language pathologists (SLPs), but a very limited understanding exists of how SLPs assess resonance disorders and monitor therapeutic effects in this population. Having a clear knowledge of current practices in the assessment and treatment of resonance disorders could influence clinical training and educational standards of SLPs and also could inform management and funding decisions within clinics as well as influence policy decisions at many levels of health care provision.
BACKGROUND
There is a lack of published information regarding SLPs' current practices in assessing resonance disorders, monitoring therapeutic effects, and determining discharge criteria for clients with such disorders. The American Speech-Language-Hearing Association (ASHA; 2004) published a preferred practice guideline for the assessment of resonance disorders but provided only limited information regarding specific techniques and did not address ways of monitoring therapeutic effects or determining discharge criteria. 5 The Canadian Association of Speech-Language Pathologists and Audiologists (CASLPA) published similar general guidelines in their 2004 Assessing and Certifying Clinical Competency: Foundations of Clinical Practice for Audiology and Speech-Language Pathology, but again, that document provided only limited information. 6 Based on a review of the literature, Kummer developed an outline of the most effective way to assess a resonance disorder and logically organized the process into six parameters: perceptual assessment, orofacial examination, nasometry, speech aerodynamics, videofluoroscopy, and nasopharyngoscopy. 7 These parameters, plus a seventh, magnetic resonance imaging (MRI), guided the extended review of the literature and formed the basic elements for survey development used in the present study.
Generally speaking, recommended best practices found in the literature have been developed in highly controlled environments with narrowly selected groups of study participants. Experimentally based evidence for best practices may be overly representative of systematic research, with less coverage given to clinical expertise or clients' wishes. SLPs' current practices may not only look different from recommended practices described in the literature; they may need to be different.
It was reasoned that by combining limited information from the literature on efficacious practice with common clinical practice, it would be possible to take a step toward developing a more global best practices standard in the area of resonance disorders. The overall premise for this study was based on the idea that there are three methods that may be used to develop best practice guidelines: expert opinion, consensus, and evidence-based methods. 8 Although evidence-based methods are considered the gold-standard, there simply is not enough of that type of research in many health science areas (resonance disorders included) to provide a solid foundation for determining best practice. 9 The present study used both expert opinion and consensus to help fill the lacuna in research regarding knowledge of SLPs' methods of assessing, tracking treatment outcomes, and discharging clients with resonance disorders. SLPs from North America were surveyed to determine their current practices, and these were compared with recommended practices from the literature, in an effort to answer the following questions: (1) What are current clinical practices versus best practices for assessing resonance disorders, tracking therapeutic effects, and determining discharge criteria? (2) What assessment practices would SLPs prefer to use with clients who have resonance disorders? (3) What are barriers to SLPs' use of best practices? and (4) What effects do SLP demographics have on clinical practices?
METHODS
This study consisted of three components: (1) an initial, small-scale descriptive study involving focus groups and individual interviews with information-rich participants, (2) the development of a questionnaire based on the results of a literature review and the results of the initial study, and (3) a study in which a broader group of SLPs was surveyed using the questionnaire. This research was approved by the Health Research Ethics Board at the University of Alberta.
Focus Groups and Interviews
Three SLPs participated in a focus group, and four SLPs participated in individual interviews in the first part of the study. All participants were practicing SLPs in North America who were registered with a professional organization (e.g., CASLPA, ASHA) and who had been working professionally for a minimum of 1 year. These SLPs had recent experience diagnosing and treating clients with resonance disorders and were considered to be information-rich participants, in that they were viewed by others in the field to be experts with an intimate knowledge of resonance disorders, their causes, and their potential treatment. 10 They were found via professional networks at the University of Alberta.
These experts discussed aspects of clinical practice they considered relevant to best practices for assessment, treatment tracking, and determination of discharge for clients with resonance disorders. They also described what they personally thought best practices were, the directions in which they saw the field heading, and what tools and instruments they thought were vital in an ideal clinical setting. Following the focus group and interviews, the primary author performed a basic qualitative analysis on the respondents' responses, for the purpose of identifying overall themes that emerged from data.
Questionnaire Development
A questionnaire was developed based on the information collected from the focus groups and interviews in combination with information derived from the literature. The questionnaire contained items that addressed current practices in terms of the frequency with which SLPs utilized them when assessing clients with resonance disorders and when monitoring therapeutic effects and determining discharge criteria for those same clients. The questionnaire also sought to determine barriers to practice by asking why certain practices were not used (e.g., because SLPs were unfamiliar with them, because SLPs thought they were unimportant, because SLPs lacked access to the necessary technology, etc.). A subset of items focused on ideal practices, including the tools and instruments SLPs believe to be vital to a clinical environment in which resonance disorders are routinely diagnosed and treated.
RESULTS

Survey Study
All survey respondents met the same participant criteria (described above) that the focus group and interview participants met. They were located via invitations to participate posted on the voice/resonance listserv of ASHA (SID3VOICE) and the Cleft PalateCraniofacial Association listserv. In total, 38 respondents completed the survey. Respondents ranged in age from 25 to 29 years old to 65 and older, with most falling into the 35-to 39-year-old category. More women (92.1%) than men (7.9%) filled out the survey. Respondents had been practicing anywhere from 1 year to over 25 years, with most having practiced for either 11 to 15 years or 25 þ years. The majority of respondents' highest professional degree was a master's degree, although 23.7% possessed a doctoral degree. Caseloads ranged from 0 to 10% to 81 to 90% of clients having a resonance disorder. Most respondents stated that their caseloads were made up of only 0 to 10% of clients with these disorders. The majority of respondents worked mainly with children, though several worked with adults, and most of the replies indicated that the respondent worked in an urban or suburban area (not rural or remote).
Respondents worked in a variety of settings, including acute care, long-term care, rehabilitation hospitals, health centers, university settings, and hospitals. When divided into hospital and nonhospital settings, respondents were evenly distributed, with 52.6% working in a hospital setting and 47.4% working in a nonhospital setting.
The results are based on survey responses from the 38 respondents who completed the survey (64 began the survey, but 26 did not finish it). The results are presented as they relate to current clinical practice, ideal practices, barriers to best practices, and effects of SLP characteristics and employment circumstances on current practices. Table 1 displays a subset of items of two types: those that respondents consistently reported that they ''always'' or ''almost always'' use, and those that they reported they ''never'' use or do not use at all. Clinical procedures used during assessment tended to be similar to those used for monitoring therapeutic effects and determining discharge but were used more frequently. Frequency of use for those same procedures was higher for determining discharge than for monitoring therapeutic effects. The most thorough evaluation of a resonance disorder occurred during the initial assessment. It was interesting to note that nasopharyngoscopy was the only form of instrumental assessment used by more than two-thirds of the respondents.
Current Clinical Practice
Ideal Practices
SLPs were asked to rate various items according to how important they are to a wellequipped resonance laboratory. These items were ranked on a scale from 1 (not at all important) to 5 (essential). The modes are presented in Table 2 .
Barriers to Best Practices
SLPs may choose not to engage in particular practices for any number of reasons. Table 3 summarizes these responses.
Effects of SLP Characteristics and Employment Circumstances on Current Practices
A series of multidimensional chi-square tests were run to determine whether or not SLP characteristics had an effect on specific clinical actions taken (e.g., using nasometry, using nasopharyngoscopy, etc.). The chi-square tests provided no significant differences in respect to age, length of time in clinical practice, percentage of caseload with a resonance disorder, proportion of adults to children on caseload, location (Canada or the United States), or the rural versus urban nature of the practice. Use of nasometry, the pressure-flow method, nasopharyngoscopy, videofluoroscopy, and MRI did not differ according to these characteristics.
Two trends emerged from the chi-square tests: (1) level of education may influence nasometry use, and (2) setting (hospital or nonhospital) may influence the use of nasopharyngoscopy. It appears that SLPs with a doctoral degree used nasometry more often than would be predicted by the number of SLPs with such a degree, whereas those with bachelor's or master's degrees use nasometry less often than expected, given the number of respondents with this level of education. SLPs in a hospital setting seem to use nasopharyngoscopy more than would be expected given the number of respondents working in this setting, and SLPs in a nonhospital setting used it less often than predicted by the number of respondents working in this setting.
DISCUSSION
Improving treatment outcomes for people with resonance disorders is a priority for the SLPs who work with this population. To do this, SLPs must be able to implement assessment strategies that are consistent with ''best practices'' according to the literature and expert opinion. The results of this survey, coupled with the literature, provide SLPs with the first data-based evidence regarding what best practices for assessing resonance disorders are in the areas of perceptual assessment, orofacial examination, nasometry, speech aerodynamics, videofluoroscopy, and nasopharyngoscopy. The literature and the SLPs' reports were highly y As over one-third of respondents chose ''no,'' they do not use the instrumentation in general, all items regarding specifics of its use also had more than one-third of respondents state that they ''never'' do it. Note: All values are percentages of respondents. N, no or never; R, rarely; O, occasionally; U, usually; AA, almost always; A, always.
commensurate. The best practices determined from the integration of the literature and the survey results are laid out next, according to assessment tool.
Perceptual Assessment
The goal of a perceptual assessment is to determine whether or not a velopharyngeal abnormality is present and, if it is, to determine its nature and severity. 7 The majority of survey respondents indicated that they engaged in many of the perceptual assessment practices at least some of the time, indicating a good fit between recommended best practices in the literature and the use of these practices by expert clinicians (see Table 1 ).
Survey results supported beginning a perceptual assessment with a client interview. The second step of listening to a client's connected speech is also supported by the survey's results, with a majority of SLPs eliciting spontaneous, connected speech from the client for the evaluation of resonance. Many times, SLPs also elicit sentences loaded with high-pressure oral sounds, along with nasally loaded sentences. Then, roughly half of the respondents use a rating scale to describe resonance. Next, some SLPs utilize supplemental testing, such as testing for cul-de-sac resonance, but only as needed. Finally, once the perceptual assessment is completed, the majority of SLPs reported attempting to determine the source or cause of the resonance disorder. Many SLPs reported that they then engage in some form of additional instrumental assessment to gain more knowledge regarding the client's velopharyngeal mechanism.
Orofacial Examination
The majority of survey respondents completed some form of orofacial examination during assessment. This finding supports the literature's view that such an examination is vital, Percentage of respondents who stated they ''never'' use the instrument because they do not have access to it who also stated that they would use the instrument if accessible.
given that it provides needed knowledge regarding the oral structures and their effect on resonance. Most SLPs reported visually inspecting the oral cavity, though only a subset of them reported using a tongue blade to assist them in this. Surprisingly, only approximately one-third of respondents stated that they palpate the palate, a step generally considered important in the literature for assessment of palatal integrity. 7 Respondents reported examining clients' eyes, ears, noses, lips, and facial profiles at least occasionally, whereas most of them reported that they typically evaluate the velum, tonsils, dentition/occlusion, and the tongue.
Nasometry
There is a great deal of support in the literature for using nasometry as a tool to aid in the assessment of resonance disorders. Experienced SLPs can use it to supplement their judgments of hypernasality and to quantitatively track change over time. 11 Respondents indicated that access to the necessary equipment was a barrier to their use of nasometry (see Table 3 ).
One of nasometry's strengths is that there are published norms for nasalance scores. 12, 13 However, to make use of the norms for adults, a clinician must administer the standardized passages: the Zoo Passage, the Rainbow Passage, and a series of nasal sentences. 12, 16 Less than half of the SLPs who stated that they use nasometry also stated that they ask their clients to read standardized passages, but a majority of SLPs reported utilizing the Simplified Nasometric Assessment Procedures (SNAP) test, a simplified standardized assessment for the nasometer, typically used with children. 13 Overall, most of the SLPs reported comparing their clients' results to normative data.
Speech Aerodynamics
The pressure-flow method is useful, because it permits the concurrent assessment of pressure, airflow, velopharyngeal orifice size, and speech characteristics. 17 By using the Palatal Efficiency Rating Computed InstantaneouslySpeech Aeromechanics Research (PERCI-SAR) system, as only one-third of survey respondents who use the pressure-flow method reported doing, one also is able to make timing comparisons for measurements of voice onset, peak nasal airflow, and peak oral air pressure. 18 A large majority of respondents reported that they do not incorporate the pressure-flow method. SLPs reported that they did not have access to the necessary equipment but would use the pressure-flow method if they had access. One-fifth of respondents were unfamiliar with the pressure-flow method, so improving access would not likely encourage its use for these SLPs.
Warren 19 published norms regarding the size of the velopharyngeal orifice and velopharyngeal competence. Despite the fact that these norms provide information regarding clinical management of velopharyngeal impairment, none of the SLPs surveyed reported comparing estimated orifice size results with standardized norms. The survey data indicated that practicing SLPs were using the pressure-flow method for other purposes (e.g., to determine airway impairment). 20 Regardless, it appeared that SLPs who were familiar with pressure-flow techniques wanted access to the needed instruments for assessing resonance disorders.
Videofluoroscopy
Videofluoroscopy provides accurate information regarding the function of the velopharyngeal mechanism, and it permits SLPs to assess structure, movement, extent of closure, and timing as they relate to the velopharynx. [21] [22] [23] [24] Most of the survey respondents reported using videofluoroscopy in their assessment of clients with resonance disorders. For those who were not using videofluoroscopy, half did not have access to it, but most of these would use it if they had access. Some of the reporting SLPs performed the study at their own place of work, and others referred clients to another center. The majority of SLPs provided their clients with information about the videofluoroscopic procedure prior to the appointment, as is recommended in the literature. 7 Multiview videofluoroscopy provides a comprehensive view of the velopharyngeal mechanism by using multiple projections (e.g., lateral, frontal). This is a well-established procedure to take lateral and frontal projections, and the survey respondents reported these to be the two most used views. 25, 26 Other views may provide additional information but are less commonly used. The types of projections survey respondents reported ''always'' or ''almost always'' using were: lateral (55%), frontal (40%), base (15%), Towne's (10%), and oblique (5%). The literature also indicated that it is recommended that contrast material be used for image enhancement. Most of the SLPs surveyed reported using a contrast material in their videofluoroscopic studies, suggesting support for this practice as a best practice. It is interesting to note that most SLPs reported working with another professional to interpret the resulting images, with fewer interpreting them alone or allowing another professional to interpret them alone. Working as a team to interpret the images is also supported by the literature and should be considered best practice. 7, 27 Nasopharyngoscopy Nasopharyngoscopy permits the direct visualization of the anatomy and physiology of the velopharyngeal mechanism without disturbing the airflow necessary for speech production. 7, 25 The majority of practicing SLPs reported making use of nasopharyngoscopy, the current ''gold standard'' instrumental assessment. 28 In fact, it was the most used instrumental assessment among surveyed SLPs. For those who do not use nasopharyngoscopy, all stated they do not do so because they had no access to it. The majority of SLPs performed nasopharyngoscopy themselves, and a smaller group referred clients to another center. It is recommended in the literature that these studies be recorded for later viewing, either by the SLP or by other professionals or even the clients or their families. 7 A majority of surveyed SLPs reported relying on video recording and/or audio recording in combination with nasopharyngoscopy and thus provided support for this technique as a best practice.
Most of the surveyed SLPs indicated that they thoroughly brief their clients about the scoping procedure, a practice strongly supported in the literature. 7 However, the literature is divided on the topic of nasal anesthesia, with some researchers supporting its use and others suggesting it is not necessary. [29] [30] [31] [32] The vast majority of surveyed SLPs provided their clients with nasal anesthesia, indicating that expert opinion holds that anesthetic is of value.
The literature provides detailed recommendations about what should be studied during nasopharyngoscopy and of what the speech sample should include. 7, 33 Most SLPs who reported using nasopharyngoscopy indicated that they study the same structures and use the same speech samples as recommended in the literature.
The majority of reporting SLPs stated that they work with another professional for the interpretation of nasopharyngoscopic studies. Best practice should include a team approach to the interpretation of these studies.
Finally, despite the International Working Group's recommendation that nasopharyngoscopic study results be reported in a numeric ratio form along with qualitative information, 33 very few surveyed SLPs stated that they report their data in a numeric or scalar form, and the majority of respondents said they report their data in a narrative form. The numeric form was unfamiliar to many of those who stated that they did not use it.
SUMMARY
Three major findings accrued from this study. First, practices suggested in the literature (for assessment of resonance disorders) and the SLPs' reported clinical practices are closely aligned. Second, many respondents indicated that they did not use instrumental assessment devices, mostly because they did not have access to them. If they did have access to these instruments, most respondents reported they would use them. Third, SLPs' responses were strikingly similar across demographics (e.g., location, employment setting, length of practice, etc.), indicating that many SLPs were engaging in similar clinical practices regardless of specific SLP characteristics.
For SLPs to use both best and ideal practices, they require access to the necessary instrumentation. SLPs stated repeatedly that they would use the instruments such as nasometry, the pressure-flow method, videofluoroscopy, and nasopharyngoscopy if they had access to them. It seems clear that changes at the institutional level regarding funding for these instruments are a necessity.
As SLPs do not have access to higher-tech instrumentation and because perceptual assessment and orofacial examination are ''quick and dirty,'' the latter are being heavily used in the assessment of resonance disorders. These lowtech tools are foundational for any assessment, but they should be complemented by instrumental assessment when the SLP deems it necessary. To effectively make treatment recommendations and to treat disorders related to velopharyngeal impairment, SLPs need accurate information regarding the function of the velopharyngeal mechanism and the size of the velopharyngeal gap, if it exists. Given that velopharyngeal impairment can be caused by a range of anatomic and physiological concerns, multiple types of assessment, such as nasometry, speech aerodynamics, videofluoroscopy, and nasopharyngoscopy, may be necessary to identify the cause of a resonance disorder. 7, 21, 22, 27, 34 Despite coming from different locations, settings, and backgrounds, SLPs' current practices were remarkably similar. It is encouraging to note that, especially for those with access to the necessary instrumentation, many SLPs appear to be working in synchrony with the literature's recommended practices, suggesting that many clients are being provided with best practices. With access to additional high-tech instrumentation for those who lack it, additional clients would be served with the best practices possible.
Given the match between the current findings and the data available in the literature, it appears that many SLPs are engaging in best practices, and of those who are not, many would like to be but lack access to the necessary equipment. These findings should influence policy at several levels. First, clinical institutions should strive to make more sophisticated instrumentation available to their SLPs, adjusting budgetary decisions as necessary. Second, educational institutions should strive to educate future SLPs about all available forms of instrumentation. If SLPs lack adequate knowledge of the comparative advantages and limitations of these methods (especially those of an instrumental nature), they are less likely to: (1) value the information each can provide, (2) know which device to use and when to use it with a particular client, and (3) defend effectively their requests for purchase of the best and most up-to-date equipment.
LIMITATIONS
Of the eight factors that might impact the internal validity of a study (history, maturation, reactive pretest, instrumentation, statistical regression, differential subject selection, mortality, and interaction of factors), only mortality is of concern in this study. 35 Of the 64 respondents who started the survey, only 38 completed it. The 26 who failed to complete the survey may have been significantly different than the SLPs who completed the survey, but there is no way of knowing whether they were or not. Of the four factors that might impact the external validity of a study (subject selection, interactive pretest, reactive arrangements, and multipletreatment interference), only two are of potential concern for this study. 35 First, subject selection is a possible threat to external validity, as only 38 respondents completed the survey. It is impossible to know how many SLPs in North America would self-identify as SLPs who work with resonance disorders, and therefore it is impossible to know how well this sample of 38 respondents represents the population (i.e., all SLPs working in this area). Second, there is a chance that there may have been a reactive arrangement, whereby the survey itself affected SLPs' responses. If respondents felt that they ''should'' engage in certain practices more often than they do, they may have stated that they engage in those practices at higher frequencies than they actually do in their clinical setting.
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